CD 



o 
o. 

LU 



(19) 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 





(11) 



EP0 901 176 B1 



(12) 



EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
29.10.2003 Bulletin 2003/44 

(21) Application number: 98306888.3 

(22) Date of filing: 27.08.1998 

(54) Electroluminescent device 
Elektrolumineszente Vonichtung 
Dispositif electroluminescent 

(84) Designated Contracting States: 
DEFRGB 

(30) Priority: 29.08.1997 GB 9718393 

(43) Date of publication of application: 
10.03.1999 Bulletin 1999/10 

(60) Divisional application: 
02077318.0/1 246 269 

(73) Proprietor: Cambridge Display Technology 
Limited 

Cambridge, CB3 0DJ (GB) 



(51) mtci7: H01L 51/20, H01L 27/00 



(72) Inventors: 

• Towns, Carl Robert 
Stanstead, Essex CM24 8HB (GB) 

• Heeks, Karl Stephen 
Cottenham, Cambridge CB4 4JJ (GB) 

• Carter, Julian Charles 
Chesterton, Cambridge CB4 1 NZ (GB) 

(74) Representative: Slingsby, Philip Roy et al 
Page White & Farrer 
54 Doughty Street 
London WC1N2LS (GB) 



(56) References cited: 
WO-A-95/24056 
WO-A-96/31909 



WO-A-96/08047 
WO-A-97/32452 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouvo. 75001 PARIS (FR) 



1 



EP0 901 176 B1 



2 



Description 

[0001] This invention relates to electroluminescent 
devices, especially ones that have a conjugated poly- 
mer as a light-emitting layer. 5 
[0002] One type of electroluminescent device is de- 
scribed in PCT/WO90/13148. the contents of which are 
incorporated herein by reference. The basic structure of 
this device is a light-emitting polymer film (for instance 
a film of a poly(p-phenylenevinylene) - "PPV") sand- io 
wiched between two electrodes, one of which injects 
electrons and the other of which injects holes. It is be- 
lieved that the electrons and holes excite the polymer 
film, emitting photons. These devices are useful as flat 
panel displays, in which case one of the electrodes is is 
transparent - for example being made of indium-tin ox- 
ide ("ITO"). 

[0003] One refinement of the device is that to allow 
the device to display information one of the electrodes 
can be patterned so that it only injects charge carriers 20 
over part of its area. The electrode can be patterned into 
discrete areas which can be controlled independently 
and each inject charge carriers into a respective discrete 
pixel of the polymer film. 

[0004] Another refinement is that it has been found 25 
that the turn-on voltage, the brightness of the device at 
low voltage, the efficiency, the lifetime and the stability 
of the device can sometimes be improved by adding a 
layer of conductive polymer between the light-emitting 
f ilm and one of the electrodes. In order to achieve these 30 
benefits these conductive polymer layers typically have 
a sheet resistance less than 1 0 6 Ohms/square the con- 
ductivity being controllable by doping of the polymer lay- 
er. One example of a suitable conductive polymer is pol- 
ystyrene sulphonic acid doped polyethylene dioxythi- 35 
ophene ("PEDT-PSS") - see EP 0,686,662. For reasons 
which are discussed in more detail below, it is, however, 
difficult to produce good devices with an intermediate 
conductive polymer layer. 

[0005] The re have been some devices which could be <o 
regarded as a hybrid of these refinements. For instance, 
US 5,399,936 discloses a device in which the patterned 
electrode is covered by a hole-transporting/injecting or- 
ganic layer of diphenyl-N-N'-bisfS-methylphenylH.V- 
biphenyl-4,4'-diamine ("TPD"). However, the TPD is a *s 
small molecule, not a polymer, and it is undoped. WO 
96/08047 discloses a device in which a conductive pol- 
ymer layer is patterned to provide insulative regions and 
conductive regions to pixellate the display. 
[0006] According to the present invention there is pro- so 
vided an electroluminescent device comprising: a first 
charge-carrier injecting layer for injecting positive 
charge carriers and a second charge-carrier injecting 
layer for injecting negative charge carriers, at least one 
of the charge-carrier injecting layers being patterned so ss 
as to comprise spaced-apart charge-injecting regions; 
an organic light-emitting layer located between the first 
and second charge-carrier injecting layers; and an un- 



pattemed conductive polymer layer located between the 
organic light-emitting layer and the patterned charge- 
carrier injecting layer, the resistivity of the conductive 
polymer layer being sufficiently low to allow charge car- 
riers to flow through it from the charge-injecting regions 
to generate light in the organic light-emitting layer but 
sufficiently high to resist lateral spreading of charge car- 
riers beyond the charge-injecting regions. 
[0007] The patterned charge injecting layer could be 
an anode or a cathode. The other charge injecting layer 
(of opposite polarity) may be patterned or unpattemed. 
The width of the charge injecting regions is suitably less 
than 1 mm, 300um or 1 0Ourn, preferably less than 50um 
and most preferably less than or around 20u.m. The 
spacing between the charge injecting regions is suitably 
less than 1 mm, 300um or 100um, preferably less than . 
50nm and most preferably less than or around 20u.m. 
[0008] The cathode is preferably a sputtered cathode. 
The cathode is preferably a low work function cathode. 
The cathode may be patterned by dry etching. 
[0009] The light-emitting layer preferably is or com- 
prises a semiconductive conjugated polymer such as 
PPV. The light-emitting layer suitably is or comprises 
PPV, poly(2-methoxy-5(2 , -ethyl)hexyloxyphenylene-vi- 
nylene) ("MEH-PPV"), a PPV-derivative (e.g. adi-alkoxy 
derivative), a polyfluorene and/or a co-polymer incorpo- 
rating polyfluorene segments, PPVs and/or related co- 
polymers. It could be deposited by spin-coating, dip- 
coating, blade-coating, meniscus-coating, self-assem- 
bly etc. The constituent of the light-emitting layer and/ 
or its precursor is suitably water-based: examples are 
precursor-based PPVs. The thickness of the light-emit- 
ting layer is preferably in the range from 20 to 200nm 
and most preferably around 1 0Onm . 
[0010] The term "conjugated" indicates a polymer for 
which the main chain is either fully conjugated, possess- 
ing extended pi molecular orbitals along the length of 
the chain, or is substantially conjugated, but with inter- 
ruptions to conjugation at various positions, either ran- 
dom or regular, along the main chain. It includes within 
its scope homopolymers and copolymers. 
[0011] The conductive polymer layer preferably is or 
comprises polyethylene dioxythiophene ("PEDT"), pol- 
ystyrene sulphonic acid doped polyethylene dioxythi- 
ophene ("PEDT-PSS") , doped polyaniline, a doped 
alkylthiophene and/or a doped polypyrrole. Trie thick- 
ness of the layer is suitably less than 200nm, preferably 
less than 100nm and most preferably less than or 
around 50nm. The sheet resistance of the layer is suit- 
ably greater than 10 6 or 10 7 Ohms/square, preferably 
greater than 10* Ohms/square and most preferably 
greater than or around 1 0 10 Ohms/square. 
[001 2] The conductivity of the conductive polymer lay- 
er is preferably adjustable (e.g. by means of additive 
components) over a relatively wide range. The conduc- 
tive polymer is preferably doped with one or more com- 
ponents that influences its conductivity (e.g. polystyrene 
sulphonic acid ("PSS") or epoxy-silane). The conductive 
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polymer is suitable polyaniline, polypyrrole or a poly-thi- 
ophene. 

[001 3] Trie conductive polymer is preferably adapted 
to reduce its solubility and/or its interaction with an ad- 
jacent layer, especially a polymer layer. This layer is 
preferably the subsequent layer and most preferably the 
light emitting layer. To achieve this the conductive poly- 
mer preferably contains an additional component. This 
component is suitably a cross-linking agent (e.g. epoxy- 
silane). This component preferably does not significant- 
ly impair the performance of the device, especially by 
increasing the drive voltage significantly, reducing the 
emission uniformity significantly or reducing the efficien- 
cy significantly. This component is especially advanta- 
geous in a device in which the conductive polymer and 
the light-emitting layer have the same or similar sol- 
vents. The amount of this component in the conductive 
polymer layer is suitably greater than 50wt%, preferably 
between 50wt% and 200wt% and most preferably 
around 1 00wt%. 

[0014] Where the conductive polymer is PEDT-PSS 
the dilution of the PEDT-PSS with the PSS is preferably 
greater than 20% and most preferably greater than 50%. 
Any of these proportions may be used together with any 
of the proportions of epoxy-silane disclosed above. 
[001 5] The resistance of the conductive polymer layer 
is suitably such as to require an increase in the drive 
voltage of the device (compared to when the layer is ab- 
sent) of 0.5V or less (preferably 0.2V or less) for equiv- 
alent device performance. 

[001 6] The present invention will now be described by 
way of example with reference to the accompanying 
drawings, in which: 

figure 1 shows a cross-section of an electrolumines- 
cent device; and 

figure 2 shows the chemical formula of PEDT-PSS. 

[0017] Figure 1 shows an electroluminescent device 
having an anode layer 1 for injecting positive charge car- 
riers, a conductive polymer layer 2, an organic light- 
emitting layer 3 and a cathode layer 4 for injecting neg- 
ative charge carriers. The anode is patterned so as to 
comprise charge-injecting regions 5 (defining pixels) 
which are spaced from each other by gaps 6. The con- 
ductivity of the conductive polymer layer is selected so 
as to be low enough to allow for normal operation of the 
device (for instance, not so high that the drive voltage 
is increased significantly or that the efficiency or uni- 
formity drops significantly) but high enough to resist 
cross-talk and lateral current-spreading between the 
charge-injecting regions and to resist off-pixel emission 
(so that the pixel edges are sharp and well-defined and 
there is no fuzzy emission edge to the pixels). 
[0018] In more detail, the anode 1 is a layer of indium- 
tin oxide flTO") having a thickness of approximately 
1 50nm. The widths of the pixel regions 5 and the gaps 
6 are around 50>m. 



[0019] The conductive polymer layer is a layer of 
PEDT-PSS with a thickness of around 50nm and a con- 
ductivity of around 10 8 Ohms/square. The layer also 
contains around 100wt% epoxy-silane to produce 
5 cross-linking. 

[0020] The light-emitting layer 3 is a layer of PPV hav- 
ing a thickness of 1 0Onm. 

[0021] The cathode 4 is a layer of aluminium, having 
a thickness of 1 50nm. 

10 [0022] The relatively high resistance of the conductive 
polymer layer resists cross-talk between the charge-in- 
jecting regions 5, with lateral off-pixel emission being re- 
stricted to within 10 or 5% of the pixel dimension and/or 
leakage of current outside the pixel boundary being re- 

15 stricted to 5 or 1 0% of the total current through the ad- 
dressed pixel. And surprisingly, it has been found that 
even at conductivities of the conductive polymer layer 
as low as 1 0 10 Ohms/square the performance of the de- 
vice is not necessarily impaired, the increase in drive 

20 voltage required being minimal. 

[0023] A rough guide to the conductivity of the poly- 
mer layer that is required can be estimated with the aid 
of the following relationships: 



25 



30 



35 



for isotropic homogeneous conductivity media, the 
voltage drop across a device is given by: 

V d =J ± R D t 2 

j sa current / area 

t = thickness in units of area- 1 

R n = sheet resistivity in n/O 

whereas the current between the ITO lines is: 



j fl = (VA)/R a 

40 A = aspect ratio of space between ITO lines 

[0024] Clearly, the minimum advisable thickness of 
the polymer layer is dependant on the reliability of the 
process used to deposit the layer - if the layer is uneven 
and too thin in places then the anode and the light-emit- 

45 ting layer could make contact. 

[0029] To produce the device, first the anode is de- 
posited (on a glass substrate 7 for example) and pat- 
terned, e.g. by laser scribing, to define the charge-in- 
jecting and non-charge injecting regions. The charge in- 

50 jecting regions are connected individually to a control 
circuit so that they can be controlled independently and 
can thereby define pixel regions of the display, with each 
pixel region forming a column extending up from the cor- 
responding charge injecting region. 

55 [0026] A PEDT-PSS solution having a ratio of PEDT 
to PSS of 1:1.6 and a solid content of 1.2 to 1.3% is 
diluted further with extra PSS to achieve a PEDT to PSS 
ratio of 1:55 and a solid content of about 1%. Around 
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100wt% epoxy-silane (specifically 3-glycide oxypropytt- 
rimethoxysilane) is then added to the solution and the 
mixture is deposited on to the anode by spin coating. It 
is believed that both the PSS and the epoxy-silane act 
to reduce the conductivity of the resulting layer. The 
combination of PSS and epoxy-silane also helps to 
avoid problems with leakage currents in the pixels which 
have been experienced when epoxy-silane is used with 
lower concentrations of PSS. (Further information on 
this polymer system, which is available from Bayer AG, 
is given in Bayer's Provisional Product Information 
Sheet for Trial Product Al 4071). 
[0027] After the PEDT-PSS layer has dried the layer 
of PPV is deposited on to the layer of PEDT-PSS by 
spin-coating from an aqueous solvent. This process is 
of itself well-known. It has been experienced that depos- 
iting a PPV precursor in this way on top of a layer of 
PEDT-PSS can dissolve the underlying PEDT-PSS lay- 
er, causing non-uniformities in, for instance, the thick- 
ness of the layer structure. This can result in non-uni- 
form emission. It has been found that this problem is 
increased for higher concentrations of PSS in the 
PEDT-PSS layer, although higher concentrations of 
PSS can provide advantages in the device's current- 
voltage characteristics (e.g. less current leakage below 
the turn-on voltage and in reverse bias) and lifetime. De- 
positing PPV over a PEDT-PSS layer has also been 
found to reduce the resistance of the PEDT-PSS layer. 
However, with epoxy-silane added to the PEDT-PSS 
layer the layer has been found to be structurally more 
stable, even at relatively high concentrations of PSS, 
avoiding the problems of intermixing with a PPV precur- 
sor and reduced resistance. 

[0028] The cathode is then deposited by sputtering 
over the PPV layer, for instance by DC magnetron sput- 
tering according to the following procedure. A target of 
AI95%/Li2.5%/Cu1 .5%/Mg1 % is used with sputtering in 
constant power mode at around 3.2Wcnrr 2 (100mm di- 
ameter target and 250W), pressure around 5x1 0- 3 mbar 
at 25sccm argon flow (base pressure around 1X10* 6 
mbar), target voltage 400-41 0V, target-substrate dis- 
tance 75mm and a deposition rate of around 1 nm/s. This 
tends to produce a metallic cathode of compact mor- 
phology with low average grain size and good adhesion 
to the adjacent organic layer. 

[0029] When the device is in operation a voltage is 
applied across the electrodes and electrons and holes 
combine in the light emitting region to generate (via, it 
is believed, excitons) photons which are emitted through 
the ITO electrode and the glass layer. The recombina- 
tion process is independent of the physical layering of 
the device. 

[0030] Some alternative embodiments will now be de- 
scribed. 

[0031] The light-emitting layer could be PPV (yellow/ 
green) via the precursor route - as described above - or 
MEH-PPV (orange/red) which could be deposited from 
an organic solvent. 



[0032] Other suitable polymers for the conductive pol- 
ymer layer include polyaniline, polypyrrole and other po- 
ly-thiophenes than PEDT-PSS. In each case, suitable 
dopants and/or cross linking agents could be added to 
s influence the polymer's properties. 

[0033] The layer of conductive polymer could be de- 
posited by a number of methods, including dip-coating, 
meniscus-coating, self-assembly or doctor-blade-coat- 
ing. 

w [0034] Instead of the entire conductive polymer region 
being unpattemed, some parts of it could be unpattemed 
and some patterned. 

[0035] The cathode could be a calcium cathode, de- 
posited for instance by evaporation. 

is [0036] Some potential applications for the device are 
dot-matrix displays including passive matrix displays 
and active matrix addressed displays. In these devices, 
each charge-injecting region of the anode typically can 
selectively provide charge carriers to more than one pix- 

20 el. 

[0037] In view of the foregoing description it will be 
evident to a person skilled in the art that various modi- 
fications may be made within the scope of the invention. 

25 

Claims 

1 . An electroluminescent device comprising: 

30 a first charge-carrier injecting layer for injecting 

positive charge carriers and a second charge- 
carrier injecting layer for injecting negative 
charge carries, at least one of the charge-car- 
rier injecting layers being patterned so as to 

35 comprise spaced-apart charge-injecting re- 

gions; 

an organic light-emitting layer located between 
the first and second charge-carrier injection 
layers; and 

40 an unpattemed conductive polymer layer com- 

prising polypyrrole or a polythiophene located 
between the organic light-emitting layer and the 
patterned charge-carrier injecting layer, the re- 
sistivity of the conductive polymer layer being 

45 sufficiently low to allow charge carriers to flow 

through it from the charge-injecting regions to 
generate light in the organic light-emitting layer 
but sufficiently high to resist lateral spreading 
of charge carriers beyond the charge-injecting 

so regions. 

2. An electroluminescent device as claimed in claim 
1 , wherein the light-emitting layer comprises a light- 
emitting conductive polymer. 

55 

3. An electroluminescent device as claimed in claim 
1 , wherein the light-emitting layer comprises a sem- 
iconductive conjugated polymer. 
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4. An electroluminescent device as claimed in any 
preceding claim, wherein the conductive polymer 
layer comprises polyethylene dioxythiophene. 

5. An electroluminscent device as claimed in any pre- 
ceding claim, wherein the conductive polymer layer 
comprises an additive component, the presence of 
which affects the resistivity of the conductive poly- 
mer layer. 

6. An electroluminescent device as claimed in claim 
5, wherein the additive component is polystyrene 
sulphonic acid. 

7. An electroluminescent device as claimed in claim 5 
or 6, wherein the conductive polymer layer contains 
greater than 50% of the additive component. 

8. An electroluminescent device as claimed in any 
preceding claim, wherein the conductive polymer 
layer comprises a component which reduces the 
solubility of the layer. 

9. An electroluminescent device as claimed in claim 
8, wherein the component is epoxy-silane. 

10. An electroluminescent device as claimed in claim 8 
or 9, wherein the conductive polymer layer contains 
great than 50wt% of the component. 

11. An electroluminescent device as claimed in any 
preceding claim, wherein the sheet resistance of 
the conductive polymer layer is greater than 10 8 
Ohms/square. 

12. An electroluminescent device as claimed in any 
preceding claim, wherein the regions of the light 
emitting layer capable of emitting light in use do not 
extend laterally beyond the charge injecting regions 
by more than 10% of the width of the charge inject- 
ing regions. 

13. An electroluminescent device as claimed in any 
preceding claim, wherein each charge-injecting re- 
gion defines one or more pixel regions of the device. 

14. An electroluminescent device as claimed in any 
preceding claim, wherein each charge-injecting re- 
gion is independent of the or each other charge-in- 
jecting region. 

15. An electroluminescent device as claimed in any 
preceding claim, wherein the first charge-carrier in- 
jecting layer is the patterned charge-carrier inject- 
ing layer. 



Patentanspruche 

1. Elektrolumineszierende Anordnung, welche auf- 
weist: 

5 

eine erste Ladungstrager-lnjektionsschicht 
zum Injizieren positiver Ladungstrager und ei- 
ne zweite Ladungstrager-lnjektionsschicht 
zum Injizieren negativer Ladungstrager, wobei 
w wenigstens eine der Ladungstrager-lnjektions- 

schichten derart mit einem Verteilungsmuster 
versehen ist, das die Ladungs-lnjektionsberei- 
che enthalt, die in gegenseitigem Abstand an- 
geordnet sind; 

15 eine organische lichtemittierende Schicht, die 

zwischen den ersten und zweiten Ladungstra- 
ger-lnjektionsschichten angeordnet ist; und 
eine nicht mit einem Verteilungsmuster verse- 
hene leitende Polymerschicht, die Polypyrrol 

20 oder ein Polythiophen enthalt und zwischen der 

organischen lichtemittierenden Schicht und der 
mit einem Verteilungsmuster versehenen La- 
dungstrager-lnjektionsschicht angeordnet 1st, 
wobei der spezif ische Widerstand der teitenden 

25 Polymerschicht ausreichend niedrig ist, um ein 

Hie Ben der Ladungstrager durch dieselbe von 
den Ladungs-lnjektionsbereichen zu ermdgli- 
chen, so dass Licht in der organischen lichte- 
mittierenden Schicht erzeugt wird, jedoch aus- 

30 reichend hoch ist, um etner seitlichen Ausbrei- 

tung von Ladungstragern uber die Ladungs-ln- 
jektionsbereiche hinaus zu wtderstehen. 

2. Elektrolumineszierende Anordnung nach Anspruch 
35 1 , bei welcher die lichtemittierende Schicht ein lich- 

temittierendes leitendes Polymer enthalt. 

3. Elektrolumineszierende Anordnung nach Anspruch 
1 , bei welcher die lichtemittierende Schicht ein halb- 

40 leitendes konjugiertes Polymer enthalt. 

4. Elektrolumineszierende Anordnung nach einem der 
* vorangehenden Anspruche, bei welcher die leiten- 
de Polymerschicht Polyethylen-Dioxythiophen ent- 

45 halt. 

5. Elektrolumineszierende Anordnung nach einem der 
vorangehenden Anspruche, bei welcher die leiten- 
de Polymerschicht eine additive Komponente ent- 

so halt, deren Anwesenheit den spezifischen Wider- 
stand der leitenden Polymerschicht beeinflusst. 

6. Elektrolumineszierende Anordnung nach Anspruch 
5, bet welcher die additive Komponente Polystyrol- 

55 Suffonsaure ist. 

7. Elektrolumineszierende Anordnung nach Anspruch 
5 oder 6, bei welcher die leitende Polymerschicht 
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mehr als 50% der additiven Komponente enthalt. 

8. Elektrolumineszierende Anordnung nach einem der 
vorangehenden Anspruche, bei welcher die leiten- 
de Polymerschicht eine Komponente enthalt, wel- 
che die Ldslichkeit der Schicht verringert. 

■ 

9. Elektrolumineszierende Anordnung nach Anspruch 
8, bei welcher.die Komponente Epoxy-Silan ist. 

10. Elektrolumineszierende Anordnung nach Anspruch 
8 Oder 9, bei welcher die leitende Polymerschicht 
mehr als 50 Gew.-% der Komponente enthalt 

1 1 . Elektrolumineszierende Anordnung nach einem der 
vorangehenden Anspruche, bei welcher der 
Schichtwiderstand der leitenden Polymerschicht 
mehr als 1 0 6 Ohm/Square betragt. 

1 2. Elektrolumineszierende Anordnung nach einem der 
vorangehenden Anspruche, bei welcher die zum 
Emittieren von Licht fahigen Bereiche der lichtemit- 
tierenden Schicht bei Gebrauch sich nicht seitlich 
uber die Ladungs-lnjektionsbereiche um mehr als 
1 0% der Breite der Ladungs-lnjektionsbereiche hin- 
aus erstrecken. 

1 3. Elektrolumineszierende Anordnung nach einem der 
vorangehenden Anspruche, bei welcher jeder La- 
dungs-lnjektionsbereich einen oder mehrere Pixel- 
Bereiche der Anordnung definiert. 

1 4. Elektrolumineszierende Anordnung nach einem der 
vorangehenden Anspruche, bei welcher jeder La- 
dungs-lnjektionsbereich von dem Oder jedem ande- 
ren Ladungs-lnjektionsbereich unabhangig ist. 

1 5. Elektrolumineszierende Anordnung nach einem der 
vorangehenden Anspruche, bei welcher die erste 
Ladungstrager-lnjektionsschicht die mit einem Ver- 
teilungsmuster versehene Ladungstrager-lnjekti- 
onsschicht ist. 



Revendlcatlons 

1 . Dispositif electroluminescent, comprenant: 

une premiere couch e d' injection de porteurs de 
charge pour injecter des porteurs de charge po- 
sitive, et une deuxieme couche d'injection de 
porteurs de charge pour injecter des porteurs 
de charge negative, au moins une des couches 
d'injection de porteurs de charge etant conf igu- 
ree de maniere a comprendre des regions d'in- 
jection de charge espacees; 
une couche d'emission de lumiere organique 
situee entre les premiere et deuxieme couches 



d'injection de porteurs de charge; et 
une couche de polymere conducteur non con- 
figuree comprenant du polypyrrole ou un poly- 
tiophene, situee entre la couche d'emission de 
5 lumiere organique et la couche d'injection de 

porteurs de charge configuree, la resistivite de 
la couche de polymere conducteur etant suffi- 
samment basse pour permettre aux porteurs 
de charge de s'ecouler librement a travers elle 
10 a partir des regions d'injection de charge afin 

de generer de la lumiere dans la couche 
d'emission de lumiere organique, mats suffi- 
samment elevee pour resister a la dispersion 
laterale des porteurs de charge au-dela des re- 
ts gions d'injection de charge. 

2. Dispositif electroluminescent selon la revendication 
1, dans lequel la couche d'emission de lumiere 
comprend un polymere conducteur emettant de la 

20 lumiere. 

3. Dispositif electroluminescent selon la revendication 
1, dans lequel la couche d'emission de lumiere 
comprend un polymere conjugue semi-conducteur. 

25 

4. Dispositif electroluminescent selon la revendication 
1 , dans lequel la couche de polymere conducteur 
comprend du dioxythiophene de polyethylene. 

30 5. Dispositif electroluminescent selon rune quelcon- 
que des revendications precedentes, dans lequel la 
couche de polymere conducteur comprend un com- 
posant d'additif dont la presence affecte la resisti- 
vite de la couche de polymere conducteur. 

35 

6. Dispositif electroluminescent selon la revendication 
5, dans lequel le composant d'additif est I'acide sul- 
fonique de polystyrene. 

40 7. Dispositif electroluminescent selon la revendication 
5 ou 6, dans lequel la couche de polymere conduc- 
teur contient plus de 50 % du composant d'additif. 

8. Dispositif electroluminescent selon Tune quelcon- 
45 que des revendications precedentes, dans lequel la 

couche de polymere conducteur comprend un com- 
posant qui redurt la solubilite de la couche. 

9. Dispositif electroluminescent selon la revendication 
so 8, dans lequel le composant est I'epoxysilane. 

10. Dispositif electroluminescent selon la revendication 
8 ou 9, dans lequel la couche de polymere conduc- 
teur contient plus de 50 % en poids du composant. 

55 

11. Dispositif electroluminescent selon Tune quelcon- 
que des revendications precedentes, dans lequel la 
resistance de feuille de la couche de polymere con- 
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ducteur est plus 6levee que 10 6 Ohms/carre. 

12. Dispositif electroluminescent selon I'une quelcon- 
que des revendicatlons precedentes, dans lequel 

les regions de la couche d'emission de lumlere ca- s .. 
pabies d'emettre de la lumiere tors de I'utilisation ne 
s'etendent pas lateralement au-dela des regions 
d'injection de charge de plus de 1 0 % de la largeur 
des regions d'injection de charge. 

10 

13. Dispositif electroluminescent selon Tune quelcon- 
que des revendications precedentes, dans lequel 
chaque region d'injection de charge definit une ou 
plusieurs regions de pixels du dispositif. 

15 

14. Dispositif electroluminescent selon Tune quelcon- 
que des revendications precedentes, dans lequel 
chaque region d'injection de charge est indepen- 
dante de la ou de chaque autre region d'injection 

de charge. 20 

15. Dispositif electroluminescent selon Tune quelcon- 
que des revendications precedentes, dans lequel la 
premiere couche d'injection de porteurs de charge 

est la couche d'injection de porteurs de charge con- 2S 
figuree. 
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(54) Electroluminescent device 



(57) An electroluminescent device comprising: a 
first charge-carrier injecting layer for injecting positive 
charge carriers and a second charge-carrier injecting 
layer for injecting negative charge carriers, at least one 
of the charge-carrier injecting layers being patterned so 
as to comprise spaced- apart charge-injecting regions; 
an organic light-emitting layer located between the first 
and second charge-carrier injecting layers; and an un- 



patterned conductive polymer layer located between the 
organic light-emitting layer and the patterned charge- 
carrier injecting layer, the resistivity of the conductive 
polymer layer being sufficiently low to allow charge car- 
riers to flow through it from the charge-injecting regions 
to generate light in the organic light-emitting layer but 
sufficiently high to resist lateral spreading of charge car- 
riers beyond the charge-injecting regions. 



FIG. 1 




Q. 
UJ 



Printed by Jouve, 75001 PARIS (FR) 



EP0 901 176 A3 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 98 30 6888 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (tnLCIJ) 



P.X 



WO 96 31909 A (UNI AX CORP) 
10 October 1996 (1996-10-10) 

* page 24, line 15 - page 27, line 36 1 

W0 96 08047 A (PHILIPS ELECTRONICS NV) 
14 March 1996 (1996-03-14) 

* the whole document * 

W0 95 24056 A (UNI AX CORP) 
8 September 1995 (1995-09-08) 

* the whole document * 

W0 97 32452 A (UNI AX CORP) 
4 September 1997 (1997-09-04) 

* the whole document * 



1-4,9, 

14-16 

6,12,13 



H01L51/20 
H01L27/00 



1-4,9, 
14-16 



1-4,9, 
14-16 



TECHNICAL FIELDS 
SEARCHED (IflLCLe) 



H01L 



The present search report has been drawn up for aU claims 



THE HAGUE 



Dat* d oampMUan of th» —art* 

23 August 2001 



Exornnor 



van der Linden, J.E. 



8 

8 

3 



8 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant If taken alone 

Y : particularly relevant II combined wtrh another 

document of the same calegory 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but putrfrsnedon. or 

after the tlfcng date 
D : document cited to the apptcatton 
L : document cfted for other reasons 

A : memiber of the same patent family, corresponding 
document 



2 



EP0 901 176 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 98 30 6888 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report 
The members are as contained in the European Patent Office E DP fUe on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of Information. 

23-08-2001 



Patent document 




Publication 




Patent family 


Publication 


cited in search report 




date 




member(8) 


date 


WO 9631909 


A 


10-10-1996 


AU 


5386296 A 


23-10-1996 








US 


5804836 A 


08-09-1998 


WO 9608047 


A 


14-03-1996 


EP 


0727100 A 


21-08-1996 






US 


5705888 A 


06-01-1998 








US 


5986400 A 


16-11-1999 


WO 9524056 


A 


08-09-1995 


us 


5723873 A 


03-03-1998 






AU 


1936995 A 


18-09-1995 








EP 


0754353 A 


22-01-1997 


WO 9732452 


A 


04-09-1997 


US 


5798170 A 


25-08-1998 






AU 


2192197 A 


16-09-1997 








EP 


1021934 A 


26-07-2000 



LL 

2 

Ul 



For more details about this annex : see Official Journal of the European Patent Office. No. 1 2/82 



3 



